
                              
 

  
AD_________________ 

 
 
Award Number:  W81XWH-12-1-0223 
 
 
 
TITLE:   Innovative Strategies for Breast Cancer Immunotherapy 
 
 
 
PRINCIPAL INVESTIGATOR:   Feng Wang-Johanning 
                                                    
 
 
 
CONTRACTING ORGANIZATION:  M.D. ANDERSON CANCER CENTER
Houston, TX  77030
 
 
REPORT DATE: September 2013 
 
 
 
TYPE OF REPORT: Annual 
 
 
 
PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
                                Fort Detrick, Maryland  21702-5012 
 
 
 
DISTRIBUTION STATEMENT: Approved for Public Release;  
                                                  Distribution Unlimited 
 
 
 
The views, opinions and/or findings contained in this report are those of the author(s) and 
should not be construed as an official Department of the Army position, policy or decision 
unless so designated by other documentation. 



 

 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-
4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE  
September 2013 

2. REPORT TYPE 
Annual 

3. DATES COVERED  
1 September 2012 - 31 August 2013 

4. TITLE AND SUBTITLE 

 Innovative Strategies for Breast Cancer Immunotherapy 
5a. CONTRACT NUMBER 

 

 5b. GRANT NUMBER 

W81XWH-12-1-0223 
 5c. PROGRAM ELEMENT NUMBER 

 
6. AUTHOR(S) 

Feng Wang-Johanning 
5d. PROJECT NUMBER 

 
 
 

5e. TASK NUMBER 

 
 
  
 

 

5f. WORK UNIT NUMBER 
 
 7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

M.D. ANDERSON CANCER CENTER
Houston, TX  77030AND ADDRESS(ES) 

8. PERFORMING ORGANIZATION REPORT   
    NUMBER 

 
 
 
 
 

 
 
 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 
U.S. Army Medical Research and Materiel Command 
 

  

Fort Detrick, Maryland  21702-5012   

  11. SPONSOR/MONITOR’S REPORT  

        NUMBER(S) 
   

12. DISTRIBUTION / AVAILABILITY STATEMENT 

Approved for Public Release; Distribution Unlimited  
 
 
 
 
13. SUPPLEMENTARY NOTES 
 

14. ABSTRACT 
In our grant application, we detected HERV-K viral particles by transmission electron microscopy (TEM) in sera from an 
invasive ductal carcinoma (IDC) patient and in BC cell culture media.  In fact, HERV-K viral like particles have been found in a 
variety of tumor cells, as reported by others.  These viral particles would be expected to have RT activity.  The RT activity of 
various breast cell culture media was compared, and we found that all cancer cells had higher RT, compared with MCF-10AT 
cells.  In addition, two IBC cell lines (KPL-4 and SUM149) had increased RT activity 

15. SUBJECT TERMS- none provided 

16. SECURITY CLASSIFICATION OF: 
 

17. LIMITATION  
OF ABSTRACT 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 
USAMRMC  

a. REPORT 

U 
b. ABSTRACT 

U 
c. THIS PAGE 

U 
 

UU 
  
      

19b. TELEPHONE NUMBER (include area 

code) 
 

  

 



 
 
 

Table of Contents 
 

 
                                                                                                                                Page 
 

 

Project 1…………………………………………………………….………..………4 

 

Project 2………………………………………………………………………………6 

 

Project 3……………………………………………………………………………..10 

 

Project 4………………………………………………………………………………11 

 

Project 5………………………………………………………………………………..13 

 

 

          



Pr
 
1.
tis
hu
tis
m
IB
no
 
 
 
 

 

 
1.
In
se
pa
ex
th
lin
de
no

W
ob
ca
(fr
sig
w

roject 1: T

1 Expres
ssues:  Pr
uman endo
ssues and c

mRNA (Fig
BC3) or pr
ormal brea

2 We will
n our grant
era from a
articles ha
xpected to
hat all canc
nes (KPL-
ensity grad
ot DNA u

We also fou
btained fro
arcinoma i
fractions 6
gnificantl
ith fractio

Figure 1 (A)
Acc185, Acc
expression o
human breas
(green fluore

A

A

To identif

sion of H
rior to dete
ogenous re
cell lines b
g. 1A) and
rimary BC
ast tissues

l determin
t applicati

an invasive
ave been f
o have RT
cer cells h
-4 and SU
dient frac
sing SYT

und increa
om variou
in situ (D

6 to 10) we
ly higher i
ons obtain

) The express
c168, and Ac
of HERV-K e
st cells by We
escence) was

fy infectio

HERV-K e
ermination
etrovirus ty
by RT-PC
d protein (
C biopsies
s (ND263 

ne reverse
ion, we de
e ductal c
found in a

T activity. 
had higher

UM149) ha
tions (DG

TO RNA s

ased RT a
us donors 
CIS), or n
ere compa
in fraction

ned from n

sion of HERV
cc204), but no
env protein w
estern blot us

s demonstrate

ous retrov

env mRN
n of revers
ype K (HE

CR, western
(Fig. 1B a
s (Acc177
and ND2

 
 
 

 
 

e transcrip
etected HE
arcinoma 

a variety o
 The RT a
r RT, com
ad increas

GF) 5 to 6 
elected st

activity in 
including

normal fem
ared betw
n A (Fig. 3
normal fem

V-K env type
ot in normal 

was detected i
sing anti-HE
ed on malign

B

viruses in p

NA or pro
e transcrip
ERV-K) en
n blot, and
and Fig. 1
7, Acc185
273). 

ptase (RT
ERV-K v
(IDC) pa

of tumor c
activity of

mpared wit
sed RT ac
in both ce

tain.  

blood pla
g patients 
male dono

ween norm
3A) or B (
male dono

e 1 or/and typ
breast tissue
in BC cells (M
RV-K mAb (
ant cells (KP

B

B

patient sp

tein in hu
ptase (RT)
nv RNA a
d immunof
C) are exp
, Acc168,

T) activity
iral partic

atient and 
ells, as rep
f various b
th MCF-1

ctivity (Fig
ell lines. I

asma samp
with inva
ors was de

mal donors
(Fig. 3B)
ors. In add

pe 2 mRNA 
es (ND263 an
MCF-7, SUM
(6H5). β-acti

PL-4, MDA-I

pecimens:

uman infl
) activity i
and protein
fluorescen
pressed in
, and Acc2

 

y in blood 
cles by tra
in BC cel
ported by
breast cel
10A or MC
g. 2). The
Important

ples from
asive breas
etermined
s vs. cance
obtained 

dition, RT

(ty1 and ty2)
nd ND273) by
M-149, and M
in was used a
IBC3, and SU

C

  

lammator
n blood or
n was eval
nce (IFS).
n IBC cell
204), but 

or tissue 
ansmission
ll culture m

y others2-5.
l culture m
CF-10AT
 highest R

tly, RT act

m breast ca
st cancer (

d (Fig.3). F
er donors 
from BC 

T activity w

) was detecte
y RT-PCR. β

MDAMB231
as control. (C
UM149) by I

C

ry breast
r tissue sam
luated in a
 We foun
ls (SUM-1
not in MC

samples: 
n electron
media. In 
. These vi
media was

T cells. In 
RT activity
tivity was

ancer patie
(BC), or c
Fraction A
(BC or D
or DCIS p
was comp

ed in invasive
β-actin was u
) but not exp

C) The surfac
FS using 6H

Fig. 2  (
compare
from the
SUM14
murine l
(Stratag
calibrato
RT activ
RNA, no
RNA se

t cancer (I
mples, exp

additional b
nd that HE
149, KPL
CF-10A c

(months 0
n microsco

fact, HER
iral particl
s compare
addition, 
y was dem
s demonst

ents.  RT a
cancer pat
A (fraction
CIS). RT 
patient pl

pared in tu

e ductal carci
used as contro
pressed in MC
ce expression

H5. mIgG was

(A) RT activi
ed in cell cult
e IBC cell lin
9.  Serial dilu
leukemia viru
ene) were us
ors (data not 
vity was dem
ot DNA usin
lected stain.

IBC) cell
pression o
breast can

ERV-K en
L-4, and M

ells and in

0 to 48)  
opy (TEM
RV-K vira
les would
ed, and we
two IBC c

monstrated
trated in R

activity in
tients with
ns 1 to 5) 
units wer
asma, com

umor tissu

inoma (Acc1
ol. (B) The 
CF-10A beni
n of HERV-K
s used as con

ity was 
ture media 

nes KPL-4 an
utions of 
us RT 

sed as 
shown). (B)

monstrated in 
ng SYTO 

ls and 
of 
ncer (BC) 
v 

MDA-
n 

M) in 
al-like 

d be 
e found 
cell 
d in 

RNA, 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
n DGF 
h ductal 
and B 

re 
mpared 
ues vs. 

77, 

gn 
K 
ntrol.  

nd 



un
de
re
in
 
 

 
 

In
of
by
de
de
H

 

1.3

ninvolved
emonstrat
eported RT
ncluding IB

n addition,
f cell cultu
y Western
etected in 
ensity of e
ERV-K.  

3 Identifi

Fig. 3   RT 
patients or 
BC (N=49) 
normal dono
patients (P=
color) and u
(red color) t

Fig. 4  Imm
bottom of g
was used a

A

A

d normal b
ed in mos
T activity 
BC cells; 

, HERV-K
ure media
n blot usin

only BC p
each fracti
  

cation of 

activity was
tissues.  RT
and DCIS (N
ors (Nl), in F

=0.0063) and 
uninvolved br
than in match

munoblot wa
gel.  A) IDC 

as positive co

breast tissu
st tumor ti
in our gra
we are pr

K viral env
a or patien
ng anti-HE
patient pl
ion was la

infectious

s compared i
T activity was
N=20).  RT ac
Fraction A (fr

DCIS patien
reast tissues (
hed uninvolve

as used to det
patient plasm

ontrol. 

ues obtain
issues com
ant applic
reparing a

v mRNA 
nt plasma w
ERV-K en
asma (Fig
abeled. Ou

s viruses: 

in plasma ob
s compared in
ctivity was si
ractions 1 to 5
nts (P=0.0003
(green color)
ed breast tiss

tect HERV-K
ma (left pane

B

ned from t
mpared wi
ation, and

a manuscri

or protein
was detec

nv monocl
g. 4A), bu
ur data ind

(months 6

btained from
n plasma from
ignificantly h
5; left panel)
3) in Fraction
) was compar
sues. 

K env protein
el). B) Norma

the same d
ith matche
d verified 
ipt to repo

ns with RT
cted by RT
lonal antib

ut not in pl
dicate tha

6 to 42)  

m normal fem
m various fem
higher in BC
). Compared t
n B (fractions
red (right pan

n in each fract
al female don

B

R
F

U

5

10

1.5

donors. Si
ed uninvo
this incre

ort all of t

 

T activity
T-PCR us
body (6H
lasma from

at fractions

male donors
male donors 
 patients (P=
to normal do
s 6 to 10; mid
nel). Signific

tion.  The de
nor plasma (r

51 57 73 75

0

500000

000000

5100 6

****

****

****

ignificant
olved norm
eased activ
these resul

 localized
ing HERV
5; Fig. 4).
m normal
s with hig

, BC patient
including no

=0.0009) and 
onors, RT act
ddle panel). R
antly higher 

ensity of the f
right panel). H

C RT Assay i

P

78 79 82 83 87 90

Tumor Tiss
Normal Tis

****

tly higher 
mal breast
vity in add
lts. 

d in gradie
V-K prime
. HERV-K
l female d
gher RT ac

ts, and ducta
ormal donors 

DCIS patien
tivity was als
RT activity in
RT activity w

fraction acco
HERV-K rec

in human tissu

atient Tissue ID

0 98 10
9

11
0

12
4

12
7

12
8

sues
ssues

*
****

****

**

RT activi
t tissues (F
ditional sa

ent centrif
ers (data n
K viral en
donors (Fig
ctivity ind

al carcinoma
(N=25), and

nts (P=0.0002
so significant
n BC tumor t
was observed

mpanies each
combinant fu

es

D

8
13

1
13

4
13

6
14

7
14

9
15

5

****

***

ity was 
Fig. 3C). W
amples he

 

fugation fr
not shown

nv proteins
g. 4B). Th
deed expre

 
 
 
 
 
 
 
 
 
 
 

a in situ (DC
d patients with
2), compared
tly higher in B
tissues (red 
d in tumor tis

h band at the
usion protein 

55 16
6

17
7

19
0

***

We 
ere, 

                    

 

fractions 
n), or 
s were 
he 
ess 

CIS) 
h 

d to 
BC 

ssues 

e 

 



W
fra
co
ca
wo
co
to
vo
at 
in
Th
fir
da
de
 
Pr
 
2-
In
H
(F

 
 
 
2.
HE
pa
se

We determi
actions aft
ompared to
ancer patie
omen with

ontaining A
 proceed. 

olume) (6 
37°C. Ce

ntegrated in
his techni
rst to dem
ata provid
evelopmen

roject 2: T

-1 Evaluat
n our grant
ERV-K v

Fig.6A) an

2 Determ
ERV-K w
atients with
era (Fig. 6B

A

ned the sy
ter ultracen
o fractions
ents with h
hout cance
AlexaFluo
Then viru
μl) were u
lls were w
nto target 
que in Fig

monstrate t
de strong e
nt and tum

To evalua

tion of an
t applicati

viral mRN
nd even vi

mine the vi
was quantit

h different
B).  

ynthesis of
ntrifugatio
s having th
high or low
er were us
or 546 – dU
uses from p
used to inf
washed and

cells were
g.5 allows
that HERV
evidence f
morigenes

ate anti-vi

nti-HERV 
ion, RT-P

NAs were i
iral particl

iral load a
tated by qR
t stages of

f infectiou
on of plasm
he same de
w RT activ
ed as cont
UTP and o
plasma (0.
fect target 
d incubate
e observed
s us to vis
V-K virus
for infecti
sis.  

ral antibo

 antibodie
PCR was u
indeed pre
les are pre

 

as a poten
RT-PCR u
f breast ca

1

C
o

p
y 

n
u

m
b

er
s

us viruses i
ma obtaine
ensity as th
vity. Plasm
trols. Viru
other reage
2% of the
cells (C3.5
d in regula

d between 
ualize the

ses isolate
ion and ac

odies and 

es as biom
used to co
esent in ca
esent in B

ntial biom
using HER
ancer. The 

Control D
103

104

105

106

107

108

109

101 0

p
y

B

in density 
ed from B
hat obtain

ma samples
ses were l
ents neces

e fraction v
555 feline
ar medium
8 hr and 9

e viral gen
ed from BC
ctivation o

viral RNA

markers fo
onfirm vira
ancer pati

BC patient

arker for 
R-K env SU

viral load

DCIS I

*** ***

Samp

gradient 
BC patients
ned from ot
s obtained
labeled in 
sary for th

volume) (0
e cells) in m
m for 3h, 8
96 hr (Fig.
nome once
C patients
of HERV-

A as detec

or BC: (m
al load in 
ient sera. O
t sera, esp

early det
U primers 

d was comp

IIA IIB 

*****

ples

s, and 
ther 

d from 
buffer 

he endogen
0.6 μl) or f
media con

8h, or 96 h
5C and Fi
e it is deli
s with IDC
-K virus in

ction and 

months 3 to
sera by q
Our data i
ecially in 

tection: (m
from RNA

pared with

IIIA

*** Fi
de
(1
EL
g
co
B)
nu
fro
fro
ca
co
de
sta
wi

nous rever
from BC ti
ntaining 4 
h after infe
ig.5D).   
ivered in t
C are able
n BC, whi

progress

o 46)  
qRT-PCR,
indicate th
patients w

months 6 to
A isolated
h viral load

Fig. 5  Virus
gradient frac
a patient wit
were labeled
the cell.  Hig
with 5dUTP
various time
that infected
confocal mic
8 hr post-inf
virus fractio
infection; Ce
fraction from
Right panel:
plasma, 96 h
DGF obtaine
donor was u
infection; Le
virions were
microscope 

ig. 6  A) Anti
etected at hig
:200 dilution
LISA using H
g/ml), compa
ontrols.   
)  Viral load 
umber) was d
om patient se
om patients w
ancer were as
opy numbers 
emonstrated i
age IIA, stag
ith normal fe

rse transcr
issues (2%
μg of Poly
ction. Viru

target cell
e to infect 
ich may im

ion bioma

 demonstr
hat HERV
with DCIS

o 42)  
d from don
d in norma

ses isolated f
ctions (DGFs
th IDC havin
d to evaluate 
gh RT fractio

P and used for
e points post-
d the cells we
croscopy. Le
fection; Left-

on from plasm
enter-right pa
m plasma, 8 h
: BC virus fra
hr post-infect
ed from a no

used as contro
eft panel). HE
e detected by
(red color). 

i-HERV-K en
gher levels in 
n) at various s
HERV-K env
ared with nor

(HERV-K m
determined in
era by qRT-P
with various 
ssayed. Signi
of HERV-K 

in patients wi
e IIB, and sta

emale donors

ription (en
% of the fra
ybrene/ml 
uses that 

ls. We are
target cel

mpact BC

arkers:  

rating tha
V-K antibo
S.   

nor sera fro
al female c

from density 
s) of plasma f
ng RT activity

virus entry in
ons were labe
r infection. A
-infection, vir
ere observed 
eft panel: con
-center panel
ma, 3 hr post-
anel: BC viru
hr post-infect
action from 
tion. The sam
rmal female 
ol (8 hr post-
ERV-K incom
 confocal 

nv antibodie
BC patient s
stages of dise

v fusion prote
rmal female 

mRNA copy 
n RNA obtain
PCR. Sera ob
stages of bre
ficantly high
viral RNAs 
ith DCIS, sta
age IIIA, com
. 

ndo-RT) 
action 
for 3 h 

e the 
lls.  Our 

C 

at 
odies 

om 
control 

from 
y 
nto 
eled 
At 
ruses 
using 

ntrol, 
: BC 
-
us 
tion; 

me 

ming 

s were 
sera 
ease by 
ein (10 

ned 
btained 
east 
her 
were 

age I, 
mpared 



Se
an
co
di
sy

  

erum antib
ntigen pept
ompared n
scriminate

ynthetic pe

Fig. 7 A
in situ,
includi
group i

bodies wer
tides (MA

normal fem
e between 
eptides can

Anti-HERV-
 TIS) and no
ing MAPs 95
is also a cont

re also det
APs), which
male donor

TIS and c
n be used i

-K antibodies
ormal female 
5-96 (P=0.03
trol group (fe

tected as m
h are prote
rs and pati
controls (F
instead of 

s were detect
control sera 
3), 75-76 (P=
emale women

markers of 
ease and p
ients with 
Fig. 7) as w
f HERV-K

ted using vari
(1:200 diluti

=0.0136), 92-
n without bre

f viral load
peptidase r
tumor in s

well as our
K proteins f

ious HERV-K
ion) by ELIS
-93 (P=0.026
east cancer). 

d.  We synt
resistant, a
situ (TIS). 
r HERV-K
for detecti

K multiple an
A.  Significa

66), and 73 (P

thesized a
as early de

 The MA
K protein-b
ng serum 

ntigen peptid
antly higher t
P=0.006), bu

and tested 
etection ma
Ps-based a
based assa
antibodies

des (MAPs) (
titers were ob
ut not in MAP

several HE
arkers of B
assays wer
ays, sugge
s in ELISA

(10 g/ml) in
bserved in TI
Ps 108 and 82

ERV-K m
BC.  We 
re able to 
sting that 
A assays. 

n BC patient 
IS patients 
2-83. The PC

multiple 

(tumor 

C+HC 



2.3
Re
On
an
ex
W
(N
pr

 

 
2.
M
ex
bl
in
co
pr
ov
 
 
 

 

 
 

3 Determ
ecently, s
ne group 

nd the oth
xpression 

Wilcoxon r
N=21) had
redictive b

4 Determ
MCF-10AT
xpression o
ot (Fig. 9A

ncreased pr
ompared in
roliferation
verexpress

Fig. 9 HER
10AT cells 
expression 
HERV-K in
HERV-K en
with pLVX
proliferation
observed in
significantly
transfected 

A

A

mine wheth
era taken 
was meta
er group (
of HERV

rank-sum 
d higher ex
biomarker

mine wheth
T cells wer
of HERV-
A). Cell pr
roliferation
n the cells 
n and trans
sion promo

RV-K env cD
to generate p
of HERV-K 
n MCF-10AT
nv protein w

X vector only 
n was compa

n MCF-10AT
y higher num
with vector o

her viral l
from two

astatic BC 
(NED) sho

V-K in MB
test (Fig. 
xpression
r of metas

her HERV
re transfec
-K env RN
roliferation
n (p=0.030
transfecte

sformation
otes tumor

NA isolated 
pLVX-Kenv.
env RNA wa

T cells transfe
was increased 

cells (1.83 fo
ared in cells c
T cells transfe
mber of colon
only. 

load can b
o groups o

patients (
owed no e

BC (N=56
8). These

n than NED
static BC. 

V-K virus
ted with p

NA and pro
n and tran
07) and co
ed pLVX. 
n.  Our nex
rigenicity 

from infectio
. MCF-10AT
as compared 

fected with K
in MCF-10A

old increased
cultured for 3
ected with pL
nies (p<0.000

Cell prolif

C
e
ll
 n

u
m

b
e
rs

/ 
w

e
ll

500

1000

1500

be used as
of BC pati
(MBC) wh
evidence o

6) over NB
e results va
D (N=21)
Sites of m

ses promo
pLVX-Ken
otein in bo

nsformation
olony num
These resu
xt planned
in vivo in 

ous viruses w
T cells transfe

between pLV
Kenv, compar
AT cells trans
d by Image J 
3 days post-tr
LVX-Kenv th
01) in MCF-1

B

B

feration of Kenv t
by cell number 

pLVX
0

00

00

00              p

s a biomar
ents at dia
ho develo
of disease

BC (N=56
alidate pre
 (P = 0.03

metastasis

ote tumor 
nv or empt
oth cell lin
n was dete

mber (p<0.0
ults indica

d set of exp
mouse mo

was cloned in
ected with pL
VX and pLV
red with cells
sfected with p
analysis), by
ransfection. A
han in cells tr
10AT cells tr

transduced MCF-
counting (Day 3)

pLVX-Kenv

p=0.0307

rker for p
agnosis w
oped meta
e after 3 y
6; Fig. 8A)
evious fin
34), and p
s of these M

growth: 
ty vector (

nes was de
ermined in
0001) was
ate that HE
periments
odels. 

nto a pLVX  L
LVX-Lenti v

VX-Kenv, and
s transfected 
pLVX-Kenv

y Western blo
A significant
ransfected wi
ransfected wi

-10AT cells
)

predicting
were match
astatic brea
years. Sign
) was dem

ndings fro
rovide str
MBC are 

(pLVX), to
termined b

n both cell
s observed
ERV-K en
 will be to

Lentivirus (L
ector only (p
d there was s
with vector o

v, in comparis
ot using anti-
tly increased 
ith pLVX on
ith pLVX-Ke

F
e
s
w
s
H
b
p

g BC meta
hed for ER
ast cancer
nificantly 
monstrated
m a pilot 

rong evide
shown in

o overexpr
by RT-PC
l lines (Fig
d in MCF-
nv gene pro
o determin

Lenti) vector 
pLVX) were u
significantly i
only (P=0.00
son to MCF-
-HERV-K mA
cell prolifera

nly. (C) A sof
env than in th

Fig. 8  (A) Si
env RNAs wa
era with MB

without metas
ites from MB

Higher metas
brain, lung, b
pleura. 

C

astasis: (m
R, PR and
r 3 years a
(P = 0.04

d in our la
study, wh

ence that H
n Fig. 8B. 

ress HERV
CR, qRT-P
g. 9B and 9
10ATpLV
omotes no

ne whether

and transfect
used as contr
increased exp

002).  The exp
10AT cells tr
Ab (6H5). (B
ation (p=0.03
ft agar assay 
he same cell l

gnificantly h
as demonstra

BC compared 
stasis (NBC)
BC patients w
tasis sites we
one, and othe

months 12 
d HER2 st
after diagn
15) increa

ab using th
here MBC
HERV-K 
 

V-K. The 
CR, and W
9C). Signi

VX-Kenv 
on-cancer c
r HEDRV-

ted into MCF
rol. (A) The 
pression of 
pression of 
ransfected 

B) Cell 
307) was 
revealed a 
line 

higher HERV
ated in patien

in patient se
). (B) Metasta
were compare
ere found in 
ers than liver

to 48)  
atus. 
nosis, 
ased 
he 

C 
is a 

Western 
ificantly 

cell 
-K 

 
 
 
 
 
 
 
 
 
 

F-

V-K 
nt 
era 
asis 
ed.  

r and 



2.
 
A.

 

 

 
Af
HE
tra
tu
sta
co
de
in
th
bo
ob
sh
sh

de
us
tai
 
2.
To
ot
w
BC
ex
M
sta
p5
ev
ex
an
 
 
 

5 Determ

.               

fter we ob
ERV-K in
ansfected w

umor grow
ably trans
ontrol shR
emonstrate
ndicate tha
hese mice b
oth groups
bserved in 
hRNAenv 
hRNAc th

In a
etermine w
sed to dete
il vein and

6 Determ
o establish
ther mech
ill continu
C cell line
xpression.

MDM2 and
abilization
53, MDM2
valuate wh
xpression 
ntibodies (

Fig. 10 (A
stably tran
control shR
Significan
= 0.0005).
metastatic 
shRNA (sh
mRNA (sh

mine wheth

                

bserved inc
nvolvemen
with shRN

wth in NOD
sfected wi
RNA (shRN
ed in MDA
at HERV-
bearing xe
s and the n

pieces of 
(bottom t
an with sh

addition, M
whether HE
ermine the 
d in situ, a

mine assoc
h that HER
anisms by
ue to expl
es treated 
 We foun

d c-Myc m
n of the p

M2 and c-m
hether HE
of these g
(Fig. 11B)

A) Tumor size
nsfected with 
RNA (shRNA

ntly reduced t
.  (C) Lung ti
tumor cells w

hRNAc), com
hRNAenv). 

her HERV

                

creased pr
nt in tumor
NA targetin
D/SCID ga
ith shRNA

RNAc) (Fig
A-MB-23
K plays a

enografts o
number of 
f lung tissu
two panel
hRNAenv
MDA-MB-
ERV-K ov
 changes i

and metast

ciations o
RV-K is i
y which H
lore our fi
with anti-

nd that kno
mRNAs. c-

53 protein
myc in canc
ERV-K is 
genes at th
). A possi

es were comp
 shRNA targ
Ac) (Top, reg
tumor weight
issues were c
were observe
mpared to MD

V-K virus

                

roliferation
rigenicity 
ng the HE
amma fem
A targeting
g. 10). Sig
1 cells sta

an importa
of cells tra
metastase

ue from mi
ls). More m
v (top two
-231 or M
verexpress
in growth 
asis to lun

of HERV-
involved i

HERV-K t
nding of p
-HERV-K
ockdown o
-Myc indu
n 19. In thi
cer cell lin
affecting 

he protein
ible pathw

pared betwee
geting HERV
gular light. B
ts were evide
compared bet
ed in MDA-M
DA-MB-231

ses promo

             B

n and trans
and metas

ERV-K env
male mice w

g HERV-K
gnificantly
ably transf
ant role in 
ansfected w
es formed w
ice injecte
metastatic 

o panels).  
MCF-7 brea

sion promo
rates and c

ng, liver, a

-K with th
in oncoge
triggers ch
p53 involv

K monoclo
of HERV
uces the tu
is grant, q
nes stably
signaling

n level wer
way involv

en two group
V-K env mRN
Bottom under
ent in the HE
tween the tw
MB-231 cells
 cells transfe

ote metast

B.               

sformation
stasis. Tow
v gene or c
was compa
K env mR

y reduced t
fected wit
tumorigen

with shRN
was determ

ed with MD
cells were
 

ast cancer 
otes tumor
cell transf

and other o

he p53 pa
enic signal
hanges tha
vement in
onal antib

V-K env w
umor supp
qRT-PCR
y transfect
g via the p
re also det
ving HER

s of MDA-M
NA (shRNAen
r fluorescent 

ERV-K knock
o groups. Ma
s transfected 
ected with HE

tasis: (mon

               

n in MCF-
ward this e
control sh
ared in mi

RNA (shR
tumor size
th shRNA
nicity. Fur
NAenv or 
mined (Fig
DA-MB-2
e also obs

cell lines 
r growth. C
formation. 
organs will

athway: (
ling pathw
at result in
n HERV-K
bodies or s

with shRNA
pressor AR
was perfo

ted with sh
14ARF/M
termined 

RV-K sign

MB-231 cells 
nv) or with 
light). (B) 

kdown group 
any more 
with control 

ERV-K env 

nths 18 to 

       C. 

 
 

-10AT cell
end, MDA
hRNA with
ice xenog

RNAenv), 
es (Fig. 10A
Aenv comp
rthermore,
shRNAc.

g. 10C).  S
231cells tra
erved in M

will be tra
Cell prolif
Also, thes

l be exami

(months 8
ways, we p
n the deve
K signalin
shRNA to
A resulted
RF, which
ormed to d
hRNA tar

MDM2/p5
using flow

naling in c

(p 

 

46)  

ls (Fig. 9)
A-MB-231 
h a scramb
rafted wit
compared
A) and we
pared with
, lung met
.  Lung tis
Stronger gr
ansfected w

MDA-MB-

ansfected w
feration an
se cells wi
ined.   

 to 47)  
propose to
elopment 
ng, and foc
o down-reg
d in down
h inhibits 
determine
rgeting the
3 axis (Fi
w cytome
ancer is sh

, we furthe
cells were

bled insert 
th MDA-M
d with mic
eights (Fig
h shRNAc
tastasis wa
ssues were
reen fluor
with shRN
-231 cells 

with pLVX
nd soft aga
ill be injec

o investig
of BC. In 
cus on the
gulate HE

n-regulatio
MDM2 a

e changes 
e HERV-K
ig. 11A). C
try with v
hown in F

er explore
e stably 
(shRNAc

MB-231 c
ce injecte
g.10B) wer
c. These r
as compare
e harvested
rescence w
NAc than 
transfecte

X-Kenv to
ar assays w
cted throug

gate p53 an
this Aim

e p53 path
ERV-K 
on of H-Ra
and leads t
in expres
K env gen
Changes i
various 
Fig. 11C.

ed 

c).  The 
cells 
d with 
re 
results 
ed in 
d from 

was 
withn 

ed with 

o 
will be 
gh the 

nd 
, we 
hway in 

as, 
to 
sion of 
ne, to 
in 



    
 
 
 
 
 
 
 
 
 
 

 
Pr
 
3.
An
an
or
tra
CT
ce
tar
re
 
    

 

   
Fu
an
pa

F
R
R
s
e
M
1
c

%
 S

p
ec

ifi
c 

re
le

as
e

20
:1

0

50

100

150

**

 A.          

roject 3: H

1. Screen
n HERV-

ntibody ge
r other don
ansfected w
TL assays
ells were c
rgeting HE
sults indic

 A.          

 
urthermor
nd MDA-M
atient (Fig

Fig. 11 (A) q
RNAs in can
RNA by shR
shRNA. (B) A
expression of
MYOD1 wer
10A and MC
cell lines. (C

Fig.  12 H
specific CA
(ND#4274
shRNA) or
MDAMB2

Effector to targ

10
:1

*

                

HERV-K 

ning PBM
-K specific
enerated f
nors (Fig.1
with shRN
 to determ

cytotoxic to
ERV-K en
cate that H

                

re, HERV
MB-435eb
g.13A) sho

qRT-PCR wa
ncer cells tran
RNA targeting

Anti-HERV-
f various pro
re determined

CF10AT), wit
) Possible pa

ERV-K spec
AR T cells w

478; C), and w
r control shR
231 shRNA c

et cell ratio

5:
1

2.
5:

1

CAR+ : MDA-M

CAR+ : MDA-M

**

**

                

viral targ

MCs from 
c chimeric

from anti-H
12C) that w
NA targetin

mine wheth
oward MD
nv RNA, w

HERV-K sp

                

-K specifi
b1 BC cel
owed grea

as used to det
nsfected with
g led to down
-K monoclon
teins includin
d. Increased 
th the excepti
athways throu

cific CAR cyt
were generate
were used fo

RNA (MDAM
cells, were ki

MB-231cont

MB-231shRNA

%
 S

p
ec

ifi
c 

re
le

as
e

-

-

            B.

gets for im

BC patie
c antigen 
HERV-K 
were beari
ng HERV

her or not t
DA-MB-23
which dow
pecific CA

            B.

fic T cells 
lls served
ater cytoto

termine the c
h shRNA targ
n-regulation o
nal antibody (
ng HERV-K
expression o
ion of TP53A
ugh which an

totoxicity tow
ed from PBM
or CTL assay
MB231 contro
illed by HER

Effec

20
:1

-40

-20

0

20

40

60

                

mmunothe

ent blood
receptor (

K 6H5 antib
ing the CA

V-K env RN
the cytoto
31 cells tr

wn-regulate
AR killing

                

were gen
d as target 
oxicity tow

hanges in ex
geting HERV
of H-Ras, MD
(6H5; 10µg/m

K, Caspases 3,
f multiple pr

AIP1 in MCF
nti-HERV-K 

ward breast c
MC cells isola

s.  MDA-MB
ol) were used

RV-K specific

tor to target ce

10
:1 5:

1

                

erapy:  

 for T-cel
(CAR) wa
body.  PB

AR were u
NA (shRN
xicity dep

reated with
ed HERV-

g depends o

                

nerated fro
cells (Fig

ward MD

xpression of s
V-K env RNA

MDM2, and c-M
ml) was used
, 8, and 9, CI
roteins was ob
F-10A.  6H5 
antibody blo

cancer cells (
ated from BC
B-231 breast 
d as target ce
c CAR T cell

ell ratio

2.
5:

1

CAR+ : MDA-M

CAR+ : MDA-M

               

ll respons
as generat

BMCs from
used for ad
NA) or con
pend on HE
h control s
-K env RN
on target c

               

om BC (Fi
g.13). HER
A-MB-43

several genes
As, relative to
Myc, and upr

d to treat vario
IDEA, TNFS
bserved in B
thus has an e

ocks BC prol

MDA-MB-2
C (Acc108; A

cancer cells 
ells for the CT
ls obtained fr

MB-231cont

MB-231shRNA

     C. 

ses: (Mon
ted from a
m BC (Fig
doptive the
ntrol shRN
ERV-K ex
shRNA, bu
NA expres
cell expres

               

ig.13A) o
RV-K spe
35eb1 cell

s including H
o control shR
regulation of
ous breast ce

SF8, TNFRSF
BC cell lines c
effect on expr
iferation and

231) was dete
A), OC (Acc15

stably transfe
TL assays.  O
rom BC, OC,

nths 3–42)
an anti-HE
.12A) or O

erapy (Fig.
NA (cont) w
xpression. 
ut not cells
sion in MD
ssion of H

C. 

 

r a norma
ecific T ce
ls than did

HERV-K env,
RNA. Down-r
f Tp53 in can
ell lines in a s
F10D, TP53,
compared wi
ression of ca

d progression

ermined using
53; B), and a

fected with H
Only MDA-M
, and a norma

.   
ERV-K si
OC patient
. 12). MDA
were used
 HERV-K

s treated w
DA-MB-2
ERV-K. 

al female d
ells genera
d T cells g

, H-Ras, MDM
regulation of 
ncer cells tran
single assay a
 TP53AIP1, 

ith non-BC ce
ancer-relevan
n. 

g a CTL assa
a normal fem

HERV-K shRN
MB-231 contr
al female don

ngle chain
t blood (Fi
A-MB-23

d as target c
K specific C
with shRNA
231 cells. O

donor (Fig
ated from 
generated 

M2, and Tp5
f HERV-K en
nsfected with
and changes 
GML, and 
ell lines (MC

nt proteins in 

ay. HERV-K 
male control 

NA (MDAM
rol cells, but 
nor. 

n 
ig.12B) 
1 cells 
cells for 
CAR T 
A 
Our 

g.13B) 
a BC 
from a 

53 
nv 
h 

in 

CF-
BC 

MB231 
not 



no
by
ge
 
    

 
 
3.
Tu
un
ly
an
 
3.3
wi
• m
• t
Sy
• T
TC
• T
• T
au
 
Pr
 
4.
ac
In
TL
of
an
ar

Effec

%
 S

p
ec

ifi
c 

re
le

as
e

20
:1

0

20

40

60

80

ormal fem
y flow cyt
enerated in

 A.          

2. Develop
umor spec
ninvolved 
ymphocyte
nd banked 

3. We wil
ill compa
mRNA wi
the anchor
ynthesis ki
TCR gene
CR consta
The PCR p
The anti-tu
utologous 

roject 4: V

1. Determ
ctivation a
n this proje
LR and R
f TLR incl
nd IFS usi
re infected

Fig.  13 HE
(ND#42747
MB-435eb1
patient (A), 
from BC pa
patient 2 we

ctor to target cell r

10
:1 5:

1

male donor
tometry (F
n BC pati

                

pment of 
cimens from
tissue infi

es accordin
for future

ll generate
re its anti
ill be isola
r sequence
it (Clontec
 amplifica

ant region 
products w
umor effec
cancer cel

Viral activ

mine if HE
and signa
ect, we in

RLR famili
luding TL
ing their a
d with HE

ERV-K specif
78; B) pulsed 
1) was determ

but not from
atients who ex
eeks post-pul

ratio

1.
25

:1

#
M

K
M

r (Fig.13B
Fig.13C). 
ients, but n

                

tumor inf
m BC surg
iltrating ly
ng to the S
e use. 

e TCRs th
itumor eff
ated from s
e-containin
ch).  
ation will t
and the SM

will be clon
cts of HER
lls in vitro

vation of 

ERV-K mo
ling, and 

nvestigate 
ies similar

LR3 (green
antibodies
ERV-K vir

fic T cells we
d with HERV
mined using a
m a normal fe
xpress HERV
lsing with HE

#277 T cells:
MDA-MB-435eb1

K10 #277 T cells:
MDA-MB-435eb1

B). CD3 an
These dat
not in nor

             B

filtrating 
gery patien

ymphocyte
Statement o

hat target
fect with H
sorted, hig
ng cDNA w

then be pe
MART oli
ned into p

RV-K spec
 and in viv

the innate

odulation
if so whic
whether o
r to exoge
n), 7 (red)

s.  One res
ruses isola

ere generated
V-K fusion pro
a CTL assay. 
male donor (

V-K.  C) Perc
ERV-K fusio

nd CD8 sp
ta indicate
rmal fema

.               
 

lymphocy
nts were c

es (NIL) w
of Work p

t the HLA
HERV-K

ghly avid C
will be syn

erformed o
igonucleot

pCRII vect
cific CAR
vo.  

e immune

n effects (T
ch TLRs a
or not HE
enous viru
), and 9 (r
sult is sho
ated from 

d from PBMC
otein (K10G
Only MDA-

(B). The data
centages of C
on protein by 

pecific T 
e that grea

ale donors

                

ytes for T
collected a
were cultur
provided in

A-A*0201-
K CARs sid
CD8 T cel
nthesized 

on the sing
tide.  
tor and the

R vs. HERV

e response

Toll-like r
and RLRs

ERV-K has
uses and o
red) in var
wn in Fig
BC patien

C (isolated fr
17) or contro
-MB-435eb1
a indicate tha
CD8 (9.23%)

flow cytome

cells from
ater numb
s who do n

               

T-cell adop
and tumor 
red. Mono
n “Support

-restricted
de-by-side
ls using a 
from the m

gle-strande

e inserts w
V-K specif

e in BC: (

receptor) 
s.  
s the abili
other endo
rious brea

g.14. We w
nts who h

rom BC patie
ol KLH prote
 cells were k

at HERV-K sp
 and CD3 po
etry.    

m HERV-K
bers of HE
not expres

              C

ptive ther
infiltrating
nuclear ce

rting Docu

d epitopes
e: (months
Oligotex D

mRNA ob

ed cDNA u

will be sequ
fic TCR w

months 3 

TLR and

ity to activ
ogenous d
ast cell lin
will carry 
have eleva

ent Acc277; A
ein.  Cytotoxi
killed by HER
pecific T kill

ositive cells (7

K specific
ERV-K sp
ss HERV-

C. 

rapy: (mon
g lymphoc
ells were c
umentation

s of HERV
s 12 to 46)
Direct mR

btained wit

using prim

uenced.  
will be com

to 44)  

d RIG-I-lik

vate the in
danger sign
nes was de

out these 
ated RT ac

A), and a nor
icity toward b
RV-K specifi
ling depends 
70.7%) in PB

c T cells w
pecific T c
-K.   

nths 4 to 4
cytes (TIL
cultured an
n”. These c

V-K env p
)  

RNA Mini
th a SMAR

mers comp

mpared sid

ke recepto

nnate imm
nals. First
etermined 

same ass
ctivity. 

rmal female c
breast cancer
ic T cells obt
on the use o

BMC obtaine

were deter
cells were 

44)  
L) or norm
nd expand
cells were 

protein, an

 kit.  
RTer PCR

lementary

de-by-side 

ors (RLR

mune respo
t, the expr
by Weste
ays after c

control 
r cells (MDA
ained from a

of PBMC obta
ed from a BC

rmined 
only 

mal 
ed to 
stored 

nd we 

R cDNA 

y to the 

in 

R) 

onse 
ression 
ern blot 
cells 

A-
a BC 
ained 

C 



 
 
 

 
 
 

 
 
 
4.
no
• A
• E
su
• B
AP
 
4.3
im
• I
HE
re
• T
vi
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Co
M
th
TL
be
be
 
 

2. We wil
ormal bre
Analyze th
Express B
upernatants
Block HER
POBEC3 

3. We wil
mpact on T
Investigate
ERV-K kn
quired for
The involv
tro and in 

o-localizat
MCF-10A a
he transform
LR9. Our 
e required 
etween TL

ll assess th
east: (mon
he extent t
st-2/tether
s of tether
RV-K with
restriction

ll evaluate
TLRs or R
e the relati
nockdown
r HERV-K
vement of 
vivo.  

tion (yello
and MDA-
med but n
data demo
for HERV

LR9 and H

he effect o
nths 4 to 45
to which th
rin in 293T
rin-express
h siRNA t

n.  

e changes 
RLRs: (m
ionship be

n on variou
K to exert i
f Polo-like 

ow; left pa
-MB-231 c

non-tumori
onstrate fo
V-K to exe

HERV-K in

of HERV-
5)  
hese restri
Tcells, inf
sing cells  
to see if th

occurrin
months 5 to
etween BC
us paramet
its effects 
kinases (P

anel) of TL
cells (Fig.
igenic brea
or the first 
ert its effec
n upcomin

-K on anti

iction facto
fect the cel

he effect on

g at very 
o 46)  
C stem cell
ters associ
in CSCs o
Plks) as es

LR 9 (red; 
 15).  Co-l
ast cell lin
time co-ex

cts on brea
ng studies.

iretrovira

ors alter re
lls with HE

n restrictio

early stag

ls (CSCs) 
iated with 
or during m
ssential co

right pane
localizatio

ne MCF-10
xpression
ast tumorig

al genes an

etroviral re
ERV-K an

on is speci

ges of BC 

and HERV
metastasi

metastasis
mponents

el) and HE
on was pro
0A, which
of TLR9 a
genicity.  

nd retrov

eplication 
nd measur

ific for HE

and duri

V-K expre
is, and dete
.  
 of antivir

 
 

ERV-K (gr
ominent in
h showed l
and HERV
We will fo

Fig. 15  H
fluorescen
detected b
MDA-MB
than in M
breast cel
antibodie
antibody.

 
 
 

 
 
 
 

iral restri

as a funct
e recovery

ERV-K an

ng BC pr

ession, eva
ermine wh

ral pathwa

reen; cente
n MDA-M
low expres
V-K in can
focus on ev

HERV-K (gre
nce) and TLR
by IFS in the
B-231 to a gr

MCF-10A non
lls using their
es. 6H5 is ant
.

iction fact

tion of HE
y of HERV

nd can reve

rogression

aluate the 
hether TLR

ays will be 

er panel) w
MB-231 BC

ssion of bo
ncer cells.
valuating i

Fig. 14
TLR3 
9 (red)
IFS in 
MDAM
MCF-
10A u

een 
R 9 (red) wer
e BC cell line
reater extent 
n-tumorigeni
r respective 
ti-HERV-K e

tors in BC

ERV-K sta
V-K from 

erse tether

n that hav

influence 
Rs or RLR

 determine

was compa
C cells but 
oth HERV
TLRs ma

interaction

4  TLRs inclu
(green), 7 (re

) were detect
the breast ce

MB231, MCF
10AT, and M
sing their ant

re 
e 

c 

env 

C and 

atus.  

rin or 

e an 

of 
Rs are 

ed in 

ared in 
not in 

V-K and 
ay thus 
ns 

uding 
ed), and 
ted by 
ell lines 
F-7, 

MCF-
tibodies.  



 
Pr
 
5.
m
 
In
lab
m
CY
an
fu
 
    

• U
to
  
5.
ef
 
• C
ex
• W
• W
an
 
5.3
 
• A
• M
af
tu
 

roject 5: F

1. We wil
memory B-

n this proje
b (see Fig

memory B 
YTOX m
nd C3 wer
urther emp

 A.          

Using stan
 these anti

2. We wil
ffector fun

Clone into
xpress in 2
We will ca
We will qu
nnexin V a

3. We wil

Anti-tumo
Multiple a
fter treatme
umorigenic

Fig.  16 (A) 
obtained from
screening for
produced by

Fully hum

ll develop 
-cells of pr

ect, a micr
g. 16A).  A
cells from
arker was
re selected
ployed to 

                

ndard sing
ibodies. 

ll carry ou
nctionality

o an Ig exp
293T cells.
arry out st
uantify an
and caspas

ll characte

or effects o
assays will
ent with h

c potential 

A nanowell 
m 6H5 hybri
r their ability

y PCR using t

man anti-v

rapid scr
re-screen

roengravin
Anti-HER
m BC patie
s used for 
d as depic
confirm th

                

le-cell RT

ut molecu
y in vitro u

pression ve
.  
andard ch

ntibody dep
se assays a

erize ther

of human a
l be carried
human or m
 of BC cel

screen has be
doma cells w

y to kill targe
their primers

viral antib

reening of
ed BC pa

ng techniq
RV-K mAb
ents. Sing
measurin

cted in Fig
heir seque

                

T-PCR tech

ular chara
using BC 

ector carry

aracterizat
pendent cy
and antibo

rapeutic a

anti-HERV
d out to de
murine ant
ll lines (so

een develope
were tested us
et MDA-MB-
, with the exc

body for B

f high-affi
atients usin

que for va
b 6H5 hyb

gle hybrido
ng cytotox
g. 16A and
ences (dat

                

hniques w

acterizatio
cell lines

ying the co

tion (ELIS
ytotoxicity
dy mediat

antibodies

V-K mono
etermine th
ti-HERV-K
oft agar ass

ed in our lab w
sing this met
-231 BC cell
ception in C3

BC:  

inity, high
ng nanow

alidation o
bridoma c
oma cells

xicity. Sing
d PCR wa
ta not show

             B
 

 
 
 
 

we will amp

on of hum
: (months 

onstant reg

SA/Biacor
y (ADCC)
ted inducti

 in a mou

oclonal ant
he relation
K antibodi
say). 

which can ra
thod.  The sin
s.  (B) Heavy
3, for which t

hly cytoto
well screen

of cytotox
cells were
 were add
gle 6H5 h

as carried 
wn).    

B.              

plify and c

man anti-H
6 to 46) 

gion of hu

re) (for aff
 and comp
ion of apo

use model 

tibodies (m
nship betw
ies (or con

apidly screen 
ngle cells A1
y chain and li
the light chai

xic huma
ning: (mon

xicity of an
e used for 
ded single
hybridoma
out as in F

                

clone the p

HERV-K e

uman γ1, C

finity meas
plement de
ptosis usin

for BC: (

mAbs) wil
ween the ex
ntrol antib

for high-affi
, A7, B3, B5
ight chain fra
in is missing

an antibod
nths 3 to 4

ntibodies 
testing ou
 MDA-M
a cells tha
Fig. 16B. 

                

paired vari

env antibo

Ck, and Cλ

surement)
ependent c
ng caspase

(months 12

ll be tested
xpression 
odies) and

inity single c
5, and C3 wer
agments from
.   

dies again
40)  

has been 
ur hypothe

MB-231 cel
at included

 Sequenc

              

iable regio

odies and

λ, sequence

.  
cytotoxicit
e assays.  

2 to 46)  

d in vitro a
of HERV

d cell grow

cell antibodie
re selected us

m the above s

st BC fro

developed
esis before
lls and a 
d A1, A7,
ce analysis

ons corresp

d quantify 

e and tran

ty (CDC) 

and in vivo
-K env pro

wth, apopto

es. Single cell
sing nanowel
single cells w

m the 

d in our 
e using 

 B3, B5, 
s was 

 
 
 
 
 
 

ponding 

 

siently 

using 

o.  
otein 
osis and 

ls 
ll 

were 




